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INTRODUCTION
Epidermis is characterized by a continuous growth throughout the adult life.
The replacement of the epidermis takes place in the mucous layer (stratum
mucosum t). The newly formed cells are gradually moved towards the surface
where they form the keratinized layer (stratum corneumi). Ultimately the
keratinized cells are shed. All stages of growth and differentiation are therefore
represented in the epidermis. The quantitative relationship between these two
processes can thus be studied in the different layers of the epidermis.
Since epidermal tissue is easily available and carcinogens can be quanti-
tatively applied to it, this tissue has been extensively used for cytological, cyto-
chemical and chemical studies during the process of carcinogenesis. Most of the
chemical data, however has been obtained by analysis of the whole epidermis.
The inhomogeneity in the stage of growth and differentiation in the different
layers requires studies of the relative distribution of substances within these
morphologically distinguishable layers.
The application of historadiographic methods to the study of the various
layers of the normal, hyperplastic and cancerous epidermis was considered an
important facet in the study of epidermis.
MATERIAL AND METHODS
The material chosen for the investigation consisted of epidermis taken by biopsy from
human patients, rats and mice. The tissue pieces were fixed either in 10% neutral formalin or
by freeze-drying with a modified Glick-Malmström (1) apparatus (2). In the latter pro-
cedure, after removal, the tissues were rapidly frozen in propane cooled by liquid nitrogen.
The samples were transferred to a high vacuum chamber kept at —50°C. and dehydrated for
6 hours at a pressure lower than l0 mm Hg. A liquid nitrogen cold trap less than 3 cm from
the sample secured a quick removal of water in the high vacuum (3). The temperature was
then allowed to rise and another liquid nitrogen cold trap secured dehydration until the
sample reached room temperature at which it was kept for 12 hours. The paraffin embedding
took place within the high vacuum chamber. Sections, 5 in thickness were cut and
stretched on thin collodion membranes over a slit in a metal disc for the subsequent
historadiography (see below). Full details of this technic may be found elsewhere (4).
After the historadiography the sections were removed in absolute alcohol and transferred
to ordinary slides for the subsequent staining (Ehrlich hematoxylin and eosin). Some
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t According to Rudall (12) the term stratum mucosum (syn. stratum Malpighi) has been
chosen to represent all the layers of epidermis consisting of living cells, thus including
stratum granulosum and stratum germinativum (stratum spinosum and stratum basale).
In opposition the stratum corneum represents the layers entirely consisting of keratinized
cell material.
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sections were microincincrated at 450°C. for 30 minutes. The microincinerated specimens
were examined and photomicrographed in dark field illumination.
In order to estimate the cytoplasmic/nuclear area ratios in the different layers of epider-
mis, stained sections were projected on a screen and all nuclei or fragments of nuclei were
drawn on transparent cellophane sheets and filled with india ink. The light transmission was
measured in unit areas of these sheets and the values obtained permitted the calculation of
cytoplasmic/nuclcar ratios in the different layers of the epidermis.
The historadiographic apparatus for dry weight determinations described by Engstrom
and Lindström (4) was used to registerthehistoradiograms. Lippmann emulsions, processed
in a standard way served to record the images of the histological samples. Enlargements of
these historadiograms were obtained by photomicrography. The term historadiogram will,
in the following, include both the small primary X-ray image and enlargements of this.
The voltage across the X-ray tube was 4 kV and the radiation filtered io 9 jaluminium.
The polychromatic X-rays leaving the X-ray tube has such a wavelength composition that
the absorption is proportional to the dry weight (mass) per unit area of the sample.
The theoretical basis for the X-ray weighing procedure is the fact that biologi-
cal materials in general with the exception of bone and similar tissues, are mainly
built up of carbon, oxygen and nitrogen. The absorption is theoretically calcu-
lated for these elements in the same proportions as in proteins. However, there
are also elements other than those mentioned which are present in the biological
tissue. Therefore one might expect that for example iron or calcium would inter-
fere with the weight determinations. However, there are two reasons why the
high atomic elements do not interfere: 1) they are present in very small con-
centrations as compared with the carbon, oxygen and nitrogen, and 2) in the
wave length region used, 8 to 12 A., the mass absorption coefficients of high
atomic elements are greatly reduced. This is due to the fact that the radiation is
softer than the K-absorption edges for elements of atomic number above 13. In
fact, in the wave length region 8 to 12 A. the absorption coefficient for an element
with a high atomic number can be lower than that for an element with a low
atomic number. As certain structures in the epidermis contain several per cent
sulfur (not exceeding 5 % in extreme cases) it can be suspected that the sulfur
might give a stronger X-ray absorption than what corresponds to its mass. How-
ever it can be calculated that even so high a sulfur concentration as 10% does
not disturb the dry weight determination. The historadio grams of epidermal tissue
therefore show the relative distribution of dry substance in various structures.
The density variations in the small primary historadiograms were measured
in a selfrecording microphotometer (5, 6). The microphotometer recorded the
light transmission in an area 5 microns in diameter. Only relative measurements
within one section were performed. The determination of the absolute weight
per unit volume was not within the scope of this investigation. The errors in such
absolute weight determinations are relatively large as they include errors in
reference systems, photometric errors and the uncertainty in the determination
of the thickness of the radiation absorbing structure. The greatest errors how-
ever come from the inherent properties of the biological material itself (in-
homogeneities, fixation artefacts etc.). As we have only performed relative
measurements many of these errors cancel out.
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RESULTS
In all types of epidermis the stratum corneum showed higher X-ray absorption
than the stratum mucosum. This means that the dry \veight (mass) per unit
area is higher in the stratum corneum than in the stratum mueosum.
FIG. 1. Abdominal skin from Homo. 10% neutral formalin, thickness of section 5 M
To the left, the historadiogram and to the right the same section stained with hematox-
ylin-eosin. Both )< 100. A direct comparison is possible between the X-ray absorption
image and the microscopic appearance of the same structure stained in the usual way.
Structures showing high X-ray absorption, for example stratum corneum, are white. A
microphotometer trace starting at x and following the white line is shown in Fig. 4G. The
following figures (2, 3, 5, 7, 8, 10, 11, 12, 13, 14, 15 and 16) are arranged in the same way as
Fig. 1, i.e. historadiogram to the left and a photomicrograph of the same stained section to
the right. All sections were cut at 5 .
Fin. 2. Plantar skin. Rat. Freeze-dried. X 100
Fin. 3. Plantar skin. Homo. Freeze-dried. )< 150
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Normal Epidermis
In normal epidermis from the species investigated the stratum mucosum had
a relatively uniform distribution of mass with a sharp limit towards the stratum
corneum as well as towards the underlying connective tissue. In the thin epi-
dermis of human abdominal skin (Fig. 1) the border between the mucous and
the thin cornified layer was very sharp. A distinct change in mass corresponding
to the basal or the granular layer could not be visualized on the historadiograms.
In plantar epidermis from rat (Fig. 2) as well as from man (Fig. 3) a slight in-
crease in mass could be seen in the superficial layers of the stratum mucosum. A
close examination of the microphotometer traces also revealed that in some
areas of the thick plantar epidermis there was a slight increase in mass in the
stratum mucosum towards the stratum corneum (Fig. 4a and b). A careful
comparison between the historadiogram and the corresponding stained section
did not reveal any considerably increased mass of the cells containing kerato-
hyalin granules. A discrepancy between the dry weight and the stainability
with basic dyes could thus be seen in this layer. In some historadiograms the
basal cell layer had equal or slightly less mass per unit area than the rest of the
stratum mucosum.
The stratum corneum of normal epidermis always showed a high but varying
X-ray absorption. The cornified layer of plantar epidermis thus had a higher
density than the thin stratum corneum of abdominal skin epidermis (cf. the
photometer traces shown in Fig. 4a and b). A mass of the same magnitude as
in true cornified tissue could be obtained by drying in air of the superficial layers
of the non-keratinized stratified squamous epithelium of the oral mucosa as il-
lustrated by Fig. 6.ab
Fm. 4. Microphotometer traces across the original historadiograms. a, refers to the line
in Fig. 1; b, to Fig. 2; c, is recorded on the historadiogram of a hyperplastic epidermis; d,
refers to Fig. 16; e, to Fig. 10;!, to Fig. 15.
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Microincineration of normal epidermis showed a faint bluish ash within the
entire stratum mucosum. In this layer a good correlation existed between the
mass distribution and the ash residues. The slightly increased mass seen in the
most superficial layers of the stratum mucosum of plantar epidermis could not
be correlated with any visible increase in ash content. Neither did the high X-ray
absorption of the stratum corneum correspond to an increased amount of ash.
The mineral ash residues were in fact lower in the stratum corneum than in the
stratum mucosum.
Hyperplastic Epidermis
In the hyperplastic epidermis (Figs. 5, 9 and 10) the general findings were
similar to those found in normal epidermis. There were only slight changes in
mass in the different layers of the stratum mucosum (Fig. 9). Also in the hyper-
plasias, the border between the stratum mucosum and the stratum corneum
was sharp which is illustrated by the photometer trace in Fig. 4c. In hyperplasias
combined with hyperkeratosis, for example in the follicular hyperkeratosis seen
in lupus erythematodes (Fig. 5), the basophilic zone of the hyperplastic stratum
granulosum did not show any considerable increase in mass. The discrepancy
between basophilia and mass per unit area observed in the normal epidermis
within the granular layer was more pronounced in the hyperplastic epidermis.
The photometer traces sometimes showed a continuously increased mass per
unit area in the stratum mucosum towards the stratum corneum (Fig. 4c).
The hyperplastic epidermis, however, showed more irregular distribution of
mass than did the normal. In the central parts of the "precancerous" hyper-
plastic epidermis a marked decrease in mass thus could be seen (Fig. 10). The
corresponding photometer trace is shown in Fig. 4e.
The type of hyperplastic epidermal cords existing in the calcifying epithelioma
(Malherbe) (Fig. 7) showed remarkable differences in comparison with other
types of hyperplastic epidermis. The diffuse necrobiosis with subsequent calcifica-
tion of the epithelial cords in this lesion corresponded to a diffuse increase of
dry weight in the entire stratum mucosum itself. Calcium deposits within the
cords could be seen as highly X-ray absorbing bodies.
Hyperkeratosis was followed by high and probably increased mass of the
thick stratum corneum. The horn plugs in follicular hyperkeratosis showed
high mass on the historadiograms (Fig. 5). In general the variation in mass in
the cornified layers was still greater in hyperplasias combined with hyper-
keratosis than in normal epidermis.
In hyperplastic epidermis the amount of ash found in the stratum mucosum
in microincinerated sections followed the mass distribution obtained by X-ray
historadiography. Thus the decrease of mass in the central areas of the hyper-
plastic cords corresponded to decreased amounts of ash showing bluish colour
in the dark field. The stratum corneum of the hyperkeratotic epidermis gave
no or very little visible ash.
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FIG. 5. Lupus erythematodes. Homo. 10% neutral formalin. X 100
FIG. 6. Oral mucosa which had dried on the surface before fixed in 10% neutral formalin.
X 100. The historadiogram at the top.
FIG. 7. Calcifying epithelioma (Malberbe). Homo. 10% neutral formalin. X 100
FIG. 8. Human plantar epidermis, freeze-dried and stained with hematoxylin-eosin. To
the right a projection on a transparent sheet where the nuclei are filled with black ink for the
subsequent photometric determination of the cytoplasmic to nuclear area ratios. X 220.
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FIG. 9. Hyperplastic epidermis. Homo. 10% neutral formalin. X 100
FJG. 10. "Precancerous" hyperplastic epidermis. Homo. 10% neutral formalin. X 100
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Cancerous Epidermis
The variation seen in the distribution of mass in the mucous layer of the
hyperplastic epidermis is still more pronounced in the developed carcinomas.
Some solid epithelial cords in a basal cell carcinoma showed an even dsitribu-
FIG. 11. Basal cell carcinoma. Homo. 10% neutral formalin. X 100
FIG. 12. Squamous cell carcinoma. Homo. 10% neutral formalin. X 100
FIG. 13. Squamous cell carcinoma. Homo. 10% neutral formalin. X 100
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FIG. 14. Methyicholanthrene induced papillomatous carcinoma in a mouse. Freeze-
dried. X 100.
FIG. 15. Squamous cell carcinoma. Homo. 10% neutral formalin. X 250
Fin. 16. Squamous cell carcinoma. Homo. 10% neutral formalin. X 150
tion of mass similar to that found in normal and homogeneous hyperplastic
epidermis (Fig. 11). In squamous cell carcinomas the mass of the cancer cords
showed great variation (Figs. 12 and 13). The distribution of mass in the solid
cords of one and the same cancer was either homogeneous (Fig. 12) or very ir-
regular (Fig. 13). Some cords had a low X-ray absorption in central areas but as
a rule there was a higher mass in the peripheral parts (Fig. 13). Infiltratively
growing cords often showed a considerably increased mass in the peripheral
cell layer close to the connective tissue (Fig. 15). This layer with an increased
mass also showed an increased affinity for basic dyes. It probably corresponds
to the cell layer in carcinomatous tissues distinguished by high absorption of
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ultraviolet light according to Caspersson and Santesson (7). Such an increase
of the mass in the cell layers next to the connective tissue was seen in several of
the cancer tissues examined. The photometer trace of such a cord is shown in
Fig. 4f.
The cornified layers of the squamous cell carcinomas showed an increased
variation in mass when compared with the findings in nonmalignant epidermis.
In most cases the typical, circularly arranged horn pearl (Fig. 16) had a high
mass also shown on the photometer trace from the same structure (Fig. 4d),
but graded changes in mass down to very low values in areas of fibrinoid necrosis
could be seen. The varying mass of cancerous horn within one and the same
tumor, as seen for example in a methylcholanthrene induced carcinoma in a
mouse is illustrated in Fig. 14. The limit between the mucous and cornified
layers was in some historadiograms distinct, in others irregular.
Microincineration revealed high amount of ash in the mucous parts of the
cancer cords corresponding to increased mass distribution observed in the
historadiograms. The cornified material gave little or no ash.
DISCUSSION
All the epidermal tissues examined showed a great difference in mass per unit
area in the stratum mucosum and the stratum corneum. The dense cornifled,
dead cell material in the latter thus has a low water content which is the natural
cause of its high dry weight per unit volume.
In normal epidermis the distribution of mass in the different layers of the
stratum mucosum is relatively uniform. In certain areas there was a slight in-
crease in mass through the whole mucous layer. It is of interest to compare the
distribution of mass in the stratum mucosum with the growth rate indicated by
the increase in mitotic frequency. The replacement time for the entire stratum
mucosum of the plantar epidermis of the rat was shown to be 19.1 days (8). Paral-
lel with this continuous growth there is an increasing cell size from the basal to
the outer layers of the stratum mucosum (Fig. 8). We found that there was a
change in cytoplasmic/nuclear area ratio in the stratum mucosum of the normal
epidermis from the basal to the outer layers varying from 10 to 30 % (in thin
epidermis increasing from 60 to 70%, in thick plantar epidermis from 60 to
90%) which reflects this change in cell size (Fig. 17). The fact that the mass per
unit area in the stratum mucosum undergoes relatively small increase during
the continuous growth of the cells indicates that the weight per cell goes roughly
parallel with changes in its size.
The production of keratin appears to be one main functional activity of
epidermis. Data have recently been accumulated that keratin precursors are
formed within the stratum mucosum and are related to the tonofibrils (9, 10,
11, 12). This concept stands in opposition to the old opinion, held mainly by
morphologists, namely, that keratinization occurs in the stratum granulosum
entirely (13, 14). The kerato-hyalin granules in this layer have been regarded as
a morphological expression for an increased cellular activity, resulting in the
formation of keratin. The mass determinations revealed a sharp limit between
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FIG. 17. Diagram illustrating changes in cytoplasmic/nuclear area ratios in normal,
hyperplastic and cancerous epidermis. The abscissa indicates distance towards the ker-
atinized structure.
the stratum mucosum and the stratum corneum in normal epidermis. This
sharp limit is a sign of a drastic change in water content. A similar sharp limit
could, however, also be obtained by mere drying of the outermost cell layers of
the stratum mucosum as shown in this investigation (Fig. 6). The two findings,
the rapid change in mass in the border-line between the stratum mucosum and
the stratum corneum and the relatively small continuous increase in mass
within the stratum mucosum cannot be interpreted in terms of site of keratin
production.
Sulfur-containing amino acids appear to play a fundamental role in the
process of keratinization. Chemical analyses of the sulfur content in epidermis
have therefore attracted great interest. From macrochemical point of view
great difficulties are involved in the estimation of the chemical composition of
the individual layers of epidermis (15). As the stratum corneum has a high
mass in comparison with the stratum mucosum small fragments of cornified
material adhering to the isolated samples of the stratum mucosum will give
considerable errors in the analytical results which are thought to represent the
stratum mucosum. About 0.5 % sulfur (dry weight) was found both in stratum
corneum and stratum mucosum of horse burrs (16). Somewhat different results
were obtained by Derksen et al. (10) who found 1.4% sulfur in the stratum
corneum of the cow's nose and 1.15% in the stratum mucosum. According to
Rudall (12) the high sulfur values might be explained by contamination with
short hairs. The latter author showed the overall total sulfur content of epi-
dermis (stratum mucosum and stratum corneum) to be in the range 1.1 to 1.2%
of the dry weight. Only small differences in the total sulfur content per dry
weight in the two main layers of epidermis have thus been established with
CANCER
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chemical analyses. Engstrom and Lindström (4) reported that the ratio in dry
weight between stratum corneum and stratum mucosum in a certain case was
about 1.4 to 1. Earlier (17) the same authors had reported that the sulfur ratio
between these two layers was as high as 8 to 1. This sulfur analysis was however
performed on another material and the accuracy of the determination was low
and the sulfur figures cannot be regarded as reliable. As the chemical analyses
show about the same sulfur content per dry weight in the stratum corneum and
the stratum mucosum the actual sulfur content in the living state ought to follow
the mass ratios demonstrated in this communication. In soft keratinization the
stratum mucosum contains at least one quarter of dry matter and therefore the
dry weight ratio stratum corneum to stratum mucosum can rarely exceed 3 to 1.
The same must be true for the sulfur content expressed per unit of fresh tissue.
In some cases in our material the ratio in mass per unit volume of stratum
corneum to stratum mucosum was lower than 3 to 1. The photometer traces of
the historadiograms have shown a considerable variation in the mass ratios
between stratum corneum and stratum mucosum (Fig. 4a and b).
The historadiograms showed a slight increase of mass in the outermost cell
layer of the stratum granulosum. The results of this investigation therefore
would be in keeping with Rudall's suggestion (12) that an increased intensity of
the Prussian blue reaction for free SH-groups reported by Chèvremont and
Frederic (18) in this layer might depend upon a decreased water content (a
higher amount of dry substance).
After microincineration mineral ash residues give information about the
distribution of minerals within the stratum mucosum (19, 20). In our spodo-
grams there was a very close correlation between the ash content and the X-ray
absorption (dry weight) in the stratum mucosum. The mineral content obvi-
ously is too small to affect the X-ray absorption in comparison with that of
the organic material and therefore the X-ray picture shows the approximate
dry weight. The combination of the microincineration with the historadiography
therefore may indicate that the mineral content per dry weight is roughly the
same in the various layers in stratum mucosum of normal epidermis.
In hyperplastic epidermis the "steady state" according to Storey and Leblond
(8) of the normal epidermis is changed. Thus an increase of the mitotic frequency
from normally about 17 mitoses per 15,000 nuclei to about 150 mitoses in the
same number of nuclei takes place in the first 23 days of epidermal carcino-
genesis in mice (21). At the same time the number of cell layers only increases
about six times and therefore according to Cowdry (15) "it would appear that
replacement is somewhat accelerated". An increased number of mitoses during
the early stages of epidermal carcinogenesis in mice has also been confirmed by
Iversen and Edelstein (22). An increase in cellular volume in all layers also
takes place during early carcinogenesis (23, 24). This change in cellular volume
can to some extent be explained by an assumed increased water content of the
individual cell (25). In general the mass distribution in the stratum mucosum
of the hyperplastic epidermis is similar to that found in normal epidermis. On
the historadiograms a decreased mass per unit area can, however, often be seen
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in the central portions of hyperplastic cords, confirming the concept that an
increased cell volume may be partly caused by an increased water content (cf.
Fig. 10). Determinations of the cytoplasmic/nuclear area ratios from the thick-
ened stratum mucosum of hyperplastic epidermis showed a greater number of
cells in the basal than in the superficial layers, from which it follows that there
is an increase in cellular volume towards the surface (Fig. 17). This increased
volume of the individual cells from the basal to the outer layers with approxi-
mately the same mass per unit area indicates an increase of mass per cell in
the hyperplastic stratum mucosum. In cords with less mass in central areas this
increase in the total cellular mass will be less and the increase in cell volume also
in these areas is partly due to an increased water content. No absolute measure-
ments were performed in order to establish whether the stratum mucosum in
the hyperplastic epidermis had a higher or the same dry weight per volume
unit when compared with the normal epidermis.
The extensive studies of chemical changes in the epidermis during carcino-
genesis in mice by Cowdry and coll. (1938—53), lately reviewed by Carruthers
and Suntzeff (26) have shown that there is less mineral salts in the hyperplastic
than in the normal epidermis. Paletta ci al. (27) also reported a lowered mineral
content in the distal parts of the stratum spinosum in hyperplastic epidermis
using microincineration. The decrease in the dry weight per unit area in many
hyperplastic cords in our material, followed by less ash in the microincinerated
sections, seems to confirm the changes reported above.
In cancerous epidermis the variation in mass distribution is still more ac-
centuated. In one case of a slowly growing basal cell carcinoma the solid cords
had a homogeneous distribution of the mass similar to that found in the normal
and hyperplastic epidermis. Due to a small change in cellular volume in these
cords the mass per cell is undergoing little change in this type of carcinoma.
In the squamous cell carcinoma a great variation in distribution of the mass
is a striking phenomenon. Measurements of the cytoplasmic/nuclear area ratios
in cancerous epidermis revealed diverging results compared to those obtained in
normal and hyperplastic epidermis. The carcinomas did not show any clear cut
results in ratio changes. The cytoplasmic/nuclear ratios sometimes increased
and sometimes decreased towards the keratinized layers (Fig. 17). In accordance
with this finding the distribution of mass showed great variations in different
tumors as well as within one and the same tumor. This variation in the dry
weight of cells in different parts of one tumor suggests varying rates of growth,
most probably due to varying nutritional conditions. In many cancer cords in
the infiltrative portions of the tumor the outermost cell layer in contact with
the connective tissue showed high mass values. Whether this is an expression
for increased cellular synthetic activities leading to an accumulation of organic
material or a passive storing of substances is a question which cannot be answered
by the methods used in this investigation.
High but varying dry weight per unit area was found to be characteristic for
the stratum corneum in normal, hyperplastic as well as cancerous epidermis.
Keratin from different sources however show great similarity (28). The mass
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determinations by means of historadiography have shown great variations in
water content of the keratin in soft keratinization.
SUMMARY
Historadiographic studies have been performed on normal, hyperplastic and
cancerous epidermis from human patients, rats and mice. The historadiograms
demonstrate the relative distribution of the dry weight in the various structures
of the epidermis.
In normal epidermis a relatively uniform distribution of mass could be seen
in the stratum mucosum. A slight continuous increase in mass from the basal
to the outer layers could be seen in some areas of i.a. thick plantar epidermis.
A sharp limit towards the stratum corneum could however be seen as a general
phenomenon in normal epidermis. The stratum corneum had considerably
higher mass per unit volume than the stratum mucosum. Moderate variation
in the mass of the stratum corneum could be seen in different areas of normal
epidermis. The mineral ash residues after microincineration were found to go
parallel with the distribution of mass in the stratum mucosum. In stratum
corneum areas with high mass leave little or no visible ash.
In the hyperplastic epidermis a slight increase in mass towards the stratum
corneum could be seen in the stratum mucosum. The border between the two
layers was sharp. In some hyperplastic cords a decrease in mass could be ob-
served in the central portions. The variations in density in different areas of
stratum corneum are more pronounced. The mineral ash residues after micro-
incineration showed good correlation with the distribution of mass in the stratum
mucosum. No such correlation was seen in the hyperkeratotic stratum corneum
of the hyperplastic epidermis.
In the cancerous epidermis great variation in mass distribution was seen both
in stratum mucosum and in stratum corneum. Certain cancer cords showed
homogenous mass distribution, others showed a decrease of mass in central
areas. Infiltratively growing cords often had high mass values in the peripheral
cell layer in contact with the connective tissue. These cell layers with high mass
have an increased affinity for basic dyes. The cornified material in one and the
same tumor showed great variations in dry weight in different areas. In the
mucous parts of the cancer cords the amount of ash after microincineration
paralleled the mass. Keratinized structures gave little or no ash.
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